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Gr . undw ateris o n e of m ajor w ate r r e s ou r c e sin the No rth Chin aPlain 即C P)･ T he
a r ea fro m T ai hang Mo u ntain to Bu ohaiw an alo ng38
o
N latitudein N C P ha sbee n
do B e ntO analyze the e v olutio n ofgrou ndw ate rqu ahty･ In vie wpoint ofw ate r cycle･
the au tho r s of pr e s e nt pape rpai dc a r efu latte ntio n sto the fa ct thatthe ba sic
cha r a cteristic s of gr oundw ate rqu aLtie s a r ein clo s e r elatio nto gr oundw at
e r且o w
syste m. It w a sfotl ndthatgr o u naw ate rqtlality ch anged-fr o mCa
･ ⅡC O8typetO Na･
cltype, which m atche s w en wi thgr o u ndw ate r且o wdir e ctio nfr o m
re cha rge are ato
dis charge a r e a･ Ba s ed o nthe r e sults of gr ou ndw ate r usage a s w ella 5 血
emical
a nalysis,itis cle a rly thatboth n atu r e a ndhu n an activi ties effe cted greatly o n th
e
grou nd_w ate rqualityin N C P･
Eey Wo rds :Gr oun dw ate rquality' the No rth Chin aPlain, Gr o
tlndw ate r且o w syste m
I
.
Intr odu ctio n
The No rth C hin aPlain(N CP)iB an impo rta nt r egio n ofagdc ultu T ein C hin a, and
gro undw ate ris wi dely u s ed a s a s o u r c eofp 血 a
ry o T Sup ple m entary ir rigatio n･
RadicalchaLnge Sin fa rming pr a ctic e, aim ed at inc r e a sing pr o血
cti vity andr ed･u 血 g
relian c eo nimportedfood, ha v eledto the wi de革pr e ad intr odu ctio
n of agricultu ral
m o n o cultu r e s, stl Stain ed by m a]o rin c r e as ein the u s ed of agr o chemi
cal a nd
i migatio n. As a r e sult, m a ny is su es, such a Bthe
w ate rtable depr e s sio n, Soil
s ali dz atio n
, grou ndw ate rpollutio n etc･ , a r eal1stlbject to w ate r
- relatedc o n strain s1
o b viously, gr oundw ateris the keyto s olv ethe enviT O n m e ntalp
roble m sI From the
vie wpoint of w ate r cycle, gr o u ndw ater c a nbe o n e r e
n w able s otlr C e, butfr o m the
vie wpoint of gr otl ndw ate r r e s o ur ce o r e c ol gy, the gr o
u ndw ate r m ay not be a
r e ne w able s our c eif itis u s ed un 即itably･ By n o w, m a ny w orks ha v ebe e ndo
n ein
N CPto r e s e arch gr o u ndw ate r a nd its qtlality, TtLis pap
e r wi lltry to e EPlain the
e v olution of gr o u ndw ater quality by c o n sidering gr o undw ate rflo w fro m
re cha rge
r e由o ntodis血 arge r e由o n･
ⅠⅠ
. Ge ographySitting5 a nd Method
The a皿 ualr ainfhllrange sfro m 400 to 600m min study ar e a･ and 70 to
80% of
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an ntlalrainfal1a r efou nd fr o mJ ulyto Augu st. T he r e a r e only 40 m mto60m m of
rain鳥山 o r e v e n n o rain血11a vailablein m ore tha n o n ehundr ed daysin Spring. The
v a riatio n of8 e a S Onalpr e cipitatio nis s ola曙e thatitis the c o m m o n caseto ha v e血y
Spring a nd 且o odingSu m m e r.
n sto ricany, w aterin N C P ha s cha ngedgre atlyin pa stforty ye a r s. A七 1950s a nd
1960s
,
the m ain pr oble m s c o n c e r n ed with w ate rin N C Pw e r e且o od dis a ste r s Sin ce
theplain w a sto o且atfo r w ate rto 且o w o ut to s e a e a sily, andsalinitysinc ethe w ate r
table w a sto o sh al lo w. To s olv e the fir st pr oble m, m a ny a rti fic alch an n els w e re
constru cted. A畠 a r e sult, allrive r sin study ar e adried_tlp e x c ept the up pe r 畠trea m Of
B aiyangdia nLake sin c ethe mi d-1970B. Ev e nin rain s e a s o n, there w a sha rdly a ny
riv e rwith w ate rflo w. A土 the s a m etim e
,
developm e nt ofagricultu r e r equir ed m ore
and m o r e w ate r. Gr o undw aterbeca m e o n eofm ajor s o11 rC e 5fo rfarm i ng, Sin c ethe r e
w a s n ot e not1ghriv e r w ate r s. Ho w e v e r, the o v e r e xploitatio n ofgroundw ate r c a u s ed
w atertable depr e s sio n atthe r ate ofo n e m et rpe rye a r. On the othe rha nd,billio n s
m
8
of w ateご ha s be e ntr an sfe r r ed 血o m Yello w Riv er d ming the pe riod fr om
No v e mbertoFebm a ry n extye a r.
h addito n to v a riatio n of gT Ou ndw ate r u se fo r ec o n omic de v elopm e nt and
u rbaniz atio n, gT O u ndw ate rqu ahtyha v ebe c o m e an othe r n e ckpr oble min N C P. As a
pilots u r v ey, w eto okgr o u nd.w ater s ample salo ng38
o
N Latitudein NC P fr o mJu n e
29to
.
ゐly4, Du ringfields n Ⅳ eying, pH, Ele ctricalc o ndu ctivity a nd. te mperatur eof
groundw ate r w e r e m e a su r ed in sitt1. T he m ajo rio n s s u ch a s N O3
1
1N
, SiO2, Cr,
s o42
-
, Na
＋
,
K
十
,
Mg
2＋
, ca
2＋
a nd E C Oa
-
w e r e a nlyz ed withstanda rd m ethods.
ⅠⅠⅠ. Re 8ults
In orde rto m atch with the gr o u ndw ate rflo w Syste min the stlldy a r e a, w e s et the
Agricultu r eEc olo由cal Experim e ntalStatio nin T ai hangMo u ntain, whichbelongsto
Shijazhu a ngln stitute of AgTicultu ral Mode miz atio n, a sthe startpoint, andto ok a
h e alo n e38
o
Nlatitudefr o mthe sta rtpointto H u a nghu aHarbo r n e ar Boh aiw an .
Alo n ethis h er 13 gr oundw aLte r 8 a nPle s w e r e c olle cted･ Figure 1 sho w sthe
e v oltltic n of gT O undw ate rtype in the study a r ea･ It is cle a rly, in the T ai ha ng
Motl ntain a r e athe gr o u ndw ate rtype w a sca-fIC O8･ W i th the gr ou ndw ater flowing
fro m r e cha rge a r e ato dis cha rge are a, the gr o u ndw ater type ch anged a sfollowing
S eq11e 皿C e.
Ca- E C O3 ⇒ Ca＋ Mg- E C O3
‾
→ Mg-Cl
･ ウ Mg＋Na- Cl - NaCI
Table 1 sho w s the c o r r elatio n c o efBcie nts of distan c e s
,
ele v atio n
, pf[, E C,
Te mpe r atu r e a nd 皿 ajo rio n s･ It w asfou nd S O4had highc or Telatio n coe氏cientB with
Cla nd c atio n B･ Ele v atio nhadn egativ e c oorelatio n swith al1kinds of io n s anlyz ed
ーー 254---
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Figur e1 Ev olutio n of 酢Ou ndw atertypei皿 S
tudy a r ea･
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in th is study, whi 血m e a n sthe c o n c e ntr ation s of io n sin cre a s ed fr o m r e cha rge a re a
to discharge are a. E CvaltLe S Sho w edn egativ e c o rr elatio n Bwi th N Oa a nd H CO3 and
po sitiv e c o o rdatio n swi thothe rio n s. T helo w c orr elatio n s ofpH wi th io n shinds that
thepE v a ziatio n with n oth ingtod.o wi thgr o tl ndw ate r e v olutio nin the sttldy a re a.
Table l. Re 5 ults ofc o relatio n a nalys e sfo rgro undw ate rquality
DiBt. Ele v. E C pli Te mp N O3 H C O3 CI SO4 Ca Mg K Na
I)i白上. 1.00
Elev . ･0,69 1.00
E C 0,69 ･0.34 1.00
p‡Ⅰ 0.18 0.44 0.52 1,00
Te mp OA O O.26 0.64 0.84 1.00
NOB 0,15 ･0,35 ･0.46 ･0.54 -0.52 1.00
H C O3 0.23 -0.42 ･0.4 2 ･0.59 -0,58 0.98 1.00
Cl 0.67 10.32 1.00 0,52 0.63 -0.50 -0.46 1.00
S od 0.90 -0.60 0.86 0.19 0,41 ･0.02 0.06 0.85 1.00
Ca 0.60 ･0.39 0.94 0.26 0,44 ･0.4=4 10.37 0.95 0.86 1.00
Mg 0.76 -0.40 0.99 0.46 0.59 -0.36 ･0.31 0.99 0.92 0.94 1.00
K 0.7 1 ･0.35 1.00 0.51 0.64 ･0.49 ･0.44 1.00 0.86 0.94 0.99 1.00
Na 0.67 ･0.32 1
.00 0.62 0.64 ･0.50 ･0.45 1.00 0.86 0.94 0.99 1.00 1.00
IV_ D isctlS Sions
Gr o undw ate rquality depe nds O ntW O 酢 O upS Of inte r a ctive fa cto r s, which r efe rto
hydr Qlogical state s a nd lmm an a ctivitie s. T he m ajo r criteria of su stain able
gr o undw ate r r eso u rc e s syste m s a r e:gro undw ate r r e s o u r c e s syste m ske ep o n
r e n e wal oftheir qtl antity a nd quality;wh ile gr o undw ate r r e s o ll r C eS de v elopm ent
ke eps uP wi tha r apidgr o wth of5 0 Cio- e c o n o my. T he s etw o ar e mtltual 1y depe nde nt.
Table 2 sho ws the w ate r v ariatio nin past 40ye a r s. It w a sfo u nd that the r ate of
ollt且o w to ru nofEde c r e a s ed. fro m 77 %to 33% , wh ich m e an s that m ore a nd. m o r e
w aterha vebe e n llS ed inthe study a r e a.
Table2･ I)e c r e a s e sin m n offontnowinginto the s e afro m N C P forlast4decades.
(in lOO mi nion c u. m)
De c ade s 1950's 1960's 19 70's 1 980's
Ru noffofN C P 291 295 293 330*
Out且ow Ru n off 224 165 120 100
Ratioin % 77 55 41 33
★ Plu5div e rted w ate r血o m theY dlo wRiv e r
Figu r e2 sho w sthe e v olutio n ofchemicals alo ng the 38
o
N latitude. It w a sfound
that the gr ou ndw ate r quality c an be cla s si&ed into 3 type s, U -Ty pe bE a nd
Te mpe r atur e),inv e r s eU-type 田:C O8 and N OB) and m o n ot ny-type(E C, S od, C l, Ca,
Mg, K a nd Na), In addition r e cha rgein side ofc atchm e nt, w aterS fro m o utside als o
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Figure 2 Co n c e ntr ation v a riatio n s of chemicals in
gro undw ate r alo ng38
o
N Latitude in NCP
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400
400
have be e ntr an sferr edinto NCP, and effe cted o n both w ate rb ala n c e a nd w ate r
qu ahtyin study a r e a. Fo r e x a mple, the grouふdw ate rquality at Na 皿pi, 2 15 km fro m
the sta rt point, w a s effe cted gr e atly by the w ate rfr o mYeno w Riv e r･ As a r e s ult,
gr o undw ate r quality ther e w a sdifEerent fro m the grou ndw ater in other a r ea
witho ut the effe cts of Yello w River
'
s w ater. Gen e rally, inte n 5i 丘c atio n ofagricultural
pr odu ctio n c a nle ad_(a nd ha sled)pote ntial dete rioratio nin 酢0 undw ater qllahty.
T he p 血 cipalproble m s w e r ethe le a ching of nitr ate a nd pe sticide c o mpo unds in
study ar e a. Fro mthe Figure 2, distribt1tio n of N OB m atched w ellwi ththe region of
agricultu ralactivities. Also,the s ah itiesthat arefo u nd in gr oll ndw ate r s aris efro m
the v ariety ofn atu rals o u r c e s a nd a v a rietyofa nthr opoge nic c a u s e s. T heir c o ntr ol is
obviou sly depe nd.e at o n go od r e s o u r c e m a n age m ent, butin orde rto ex er cis e such
m a nagem ent, a c o mpr ehe n siv ehydr o chemicala nd hydr aul ic a s s e s s m e ntis r equired
togethe r with c ar eful m onitoring. In m o st e nvir o n m e nts, a total hydr oge ological
syste m a s s e s s m entis n e c e s s ary.
Ⅴ. Co n clu sio n s
Gr ound,w ater is o n e of the m o st valu able n atu ral re s ou rc e sthat N C Ppo s s es.
Info 皿 atio n about the ev ollltion of gT Ou ndw ate r qu a止ty in th is regio n is v ery
impo rta ntfo r e c o n omic d.e v elopm e nt. In o tLr Study,it w a sfo u nd that gr o undw ate r
qu ality chaLnged 血o m Ca-E C O3 type tO Na-Cltype alo ng 38
o
N latitude
,
which
c oin cided with gr otlndw ater flow fro m re cha rge a r e ato dis cha rge aヱea. By
c o n sidering the v a riatio n sofgr ollndw ate rtlS ein pa stforty ye ars, the grou ndw ater
qu ality w a s ob viollSly aBTe cted by both n attlre a nd anthr opoge nic fa cto r s. NOB
distributio nin groundw ate rhintedthat the r e exists apote nti alpollutio nin the
Stdy are a. T he r efo r e, the r eis a n u rge nt n eed for r apidS u r v eys Ofgr o u ndw ate r
tltihzation, aquife rpollltio n vuhe r abihty and s llbs u rfa c e c o nta m血a 皿tlo ad., to be
u nde rtake n. Gr o ll ndw ate r ponuhon risk a nd. s u s c eptibility to o v e r e xploitatio n
effe cts c anthe nbe a s s e s s eda ndpr ote ction m e a s u r e sprio riti21ed and initiated.
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